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Evaluations of New Indications A 

Corticosteroid Aerosols in the Treatment of Asthma 




C. S. Ted Tse, Pharm.D.. and I. Leonard Bernstein. M.D. 

Since the 1 950s. corticosteroid aerosols have oroved useful in me treatment ;? aswa Althouch their 
precise mechanism of action is not known, these topical agents have oeneftca: aranrflammaio'ry ana 
decongesttve effects on me oronchiai tree in both the ailergic arc nonanercic rc-^s of this Disease Pour 
of the newer aerosoii2ec steroios — Oeciomemasone ciDrocionate. tnamcincxre sceiomoe. »' un.soiice 
ana budesonice — have Deen evaiuatec in clinical mats. The iast orug is str — . esr-cauonai. Their siae 
effects are minimal, me maior ones oemg oral canatciasis ana cvsoroma. rnev -re rnos e*ec:ive wnen 
usee proohyiacticaily and shoula not oe aamm.sterea aunnc acute asmmat* atiacKs. as tnsuttcent 
amounts of drug are mna:ea when tne arnwavs are ccstructec. °auer.is must re rnrueeo m re correct 
tecrmcues or aaministenrg steroia aerosois to ensure ootimai meraoy. 
(Pharmacotherapy 1984:4:334-342) 
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Aerosc:izea preparations of corttcos:eroids were 
prcoosec tor ;he treatment of asthma tn the early 
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1950s, oeginnmg wtrr. studies of rcoicaj contscne t:y 
Geifanrj." These srje es were oe r formeo c° tne ih^- 
cry max men ^oca. rcr-ceniranor.s of sierc.es wou a 
be as effective op r.seasec orcncriai mucous mem- 
branes as wnen s:='c:cs were aooiierj ;o the s<in o* 
intectec >nto icims. r. .vas a;so oostu;atea trat these 
Iccaiiy acting agents -:ght reueve asthma symptoms 
with fewer side efrecrs' than systemtcaily acrhini.;- 
terea steroids. Afte' Geifara recorea successful 
sutts m 5 patients. Dtner investigators expiorea tfe 
efficacy of hycrocer^sene innaieo eitner as a powder 
or as a solution.*' *■ Th 9 y cencruaed that aerosoiizea 
hydrocortisone benermec relatively few patients and 
gave no evidence mat systemic side effects wous 
be diminished. 

Dexamethasone encsonate. a water-sotuble e;;- 
ter. was ;he first or Tie next generation of tODica* 
corticosteroids :o be stua'eo as™ an aerosol oreoarc:- 
tion.' Th?s ootent =n!:r::ammaic r v arua was first :r- 
vesticated «n T 962 - ne ncco ;nai it wcu:c oa : i 
access to the crcrcna- *'es as far as *.*e :erm"mal 
respiratory orcrxne- es ana mix with orcncriat secre- 
tions ror oener effecis. Qexamemascne croscnate 
was rcunc to oe ccnsisrentiv effeci;ve in -eaucin-2 
orai steroid reauirements ana suopressmg asthma 
symptoms ?n both asuics anc cnndren.^ - Kcwevev 
investigators aiso founa thai it produced unwanted 
systemic siae effeas sucn as moon facies and in- 
creased unnary con;soi metabolites.— In addition. 
Dennis and Itkin recerted that 5 patients developed 
oral thrush after using aexamethasone aerosol." Al- 
though effective in suoDressing asthma, this preD- 
aration did not seem to have selective topical action 
on the bronchial mucous membrane, but rather was 
systemicaily aosorbea m the tracheobronchial tree. J 

These early clinicai exoenences revealed that 
there were no obvious advantages in using hydro- 
cortisone or dexametnasone oy the inhalation route. 
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Therefore it was essential that new inhalation steroid 
compounds be developed that would provide optimal 
topical effects but have poor absorption properties. 

Structural Activity Relationships 

The ideal glucocorticoid for local treatment of asth- 
ma would act in the lung but produce a minimum of 
systemic effects in the therapeutic dose range. To 
achieve this, the compound should combine proper- 
ties of selective topical activity with poor absorption 
or rapid inactivation after absorption (i.e.. low bio- 
availability and snort plasma half-life). 

For some time it was known that compounds could 
be synthesized with properties of enhanced gluco- 
corticoid activity and reduced mineraiocorticoia ef- 
fects by modifying the hydrocortisone molecuie in 
positions 1. 2. 6. 9. 16 and 17 iFigure 1). These 
potent agents (e.g.. prednisolone) have poor tcpicai 
effects, however. ■* To achieve ennanced tODical cor- 
ticosteroid action, some of the nyaroxvi groups in the 
^varocortisone molecule were suostituted with ester 

acetomde grouos (Figure 1 ). Among these octent 
"glucocorticoids witn desired tooicai activity were 
beclomethasone 17a. 21*dioropionate and beta- 
methasone 17-vaierate (Figure 2). Pharmaceutical 
chemists aiso ceveiooed comocunds. sucn as tnam- 
cmoione acetonice and fiumsoiide. with desires tcci- 
cai activity by suostituting asymmetric 16u and 17n 
acetai groups.' - 

It was aiso demonstrated that the introduction of 
haiogen suostituents in the 6a. 9u or both oosmons 
wouia increase giucocorticosteroid activity:'^ howev- 
er, there was no~eviaence that these halogen substi- 
tutions Deferentially mcreasea tooicai activity. In- 
deed, steroid nucieus fluorination in the 6u and 9« 
positions acpeared to potentiate systemic activity 
more than the tooicai activity because it decreased 
systemic metabolism and transcortin binding.*" 

Brattsand and co-workers studied the influence of 
steroid nucieus fluorination on the topical and the 
systemic activitv of I6u ana i7*r acetais and founa 

at to obtain high tooicai and antiinflammatory 3Ctiv- 
•ry. ootimai fluorination of those grouos was more 
:moonant than ;t was of tne 5m ana 9f« cos;ticns. 
Witn tnis theory in mind, cnemists deveiocec cuae- 
soniae. a comcouna with a nigh tcpicai:systemic ac- 
tivity ratio iTabie i. Figure 2j. 

Modes of Action 

The mechanism of action of steroids m asthma is 
not well understood. It is hypothesized that the free 
steroid molecuie diffuses through the cell membrane 
where it forms an intracellular complex with a specif- 
ic receptor protein. :a 19 This complex is then trans- 
ported into the cell nucleus where it is bound to spe- 
cific parts of the chromatin and forms a new type of 
specific mRNA. This mRNA then determines the 
DNA and amino acid sequences for the synthesis of 
new proteins, which are responsible for steroid-spe- 
cific cellular responses. 
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Figure 1. Structural formula of hydrocortisone. Grouos 
that are essential to antiinflammatory activiiy are cireea. 
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Figure 2. Structural formulas of 4 tooically selective glu- 
cocorticosteroids. Budesonide is not vet avanaoie in tne 
United States for the treatment of asthma. Fiumsoiide is 
also aoproved as a topical agent for the treatment oi aller- 
gic rhinitis. 



336 



PHARMACOTHERAPY 



Volume a. Number 6 . Nov£MBEP December ^ 



Table 1. Relative Potencies of t„ - - U 



Comp ound 
Suaesomae 

FSoifcJe 350 " 6 diprop,onate 
Triamcinolone acet onina 
Aaaoteo from reference 17. 



Tooica; 
Antiinflammatory 
Potency 

1 

0.4 
0.7 
0.3 



Systemic 
Potency 



1 

3.5 
12.8 

!-3 



Ratio of 
Tboicai to 
jystemic Potency 
1 

O.n 
0.05 
0.05 
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l^arw^sV^^^* mucous 
'ergic ana nonaileraic Mhl ! effective in a 1 - 

may s.aoil-ze tfS f^^JS™ 0 "*-* 3 *™s 
edema anc TnrS.i™ J ^ w,m 'eauction of 
ce«.s mto bronSTssuer 9 ^ 0 " * "*««™>*V 

ability conges HTS 1 S? fl . uce 
junctions of the 'es D .r-nn^ ™ V gnt ,nte -ce!lular 
more ^^^SS?^ ; " SC:: ^.ng 

Throuah efErSml ? 6,?IC 'ecsoiors.* 
fr~c SSJi'SS' nCe - of 

c^ e d ~' rJSc s y ; n e = ing 3 — * 



Beclomethasone Dipropionate 

able in the United StatLs a? a n!n^ merC,a,,y avai| - 
enhanced topical aSSS' er,n ,976 " « na * 



astnSnfsvn^rin 0 £ ' n ""^ 

andcniiaren^SJ-c^ SIero,a - c eoenaent adu.ts 

costers n *at £ ri * ^"T* 56 CVer 0rai cort| - 
ssecis. .i ores wi n?£% ? s ' /ste ™ w» 

st-wcr , s ."Si-rrV-nr ! ' ° L?n 3 ? s; e™c ab- 
-secono^a^ 

corr;so! <»xc-et'on -n* »h~ n. urinary tree 

sccnse to meivracono , '.2! ? 1 ' Gescx ycortisol re- 

800-1000 ao d. hU" doses ^ ^ re ° U;re 
"Oi-a-ly ,n Patients v^ose asth^ SCUireaD3f - 
ceraroiiea with ,r£i7~f 3 was ^vkjusiv 
«y.- « A,;l a ^ a °i^'-'l-ean,scne 
neea for c.- a ; =ip" m|f , c ? e ' rs *- an eliminate ne 

present ^ : - an ? ° « of 

*« of e^nina " mDina,ICR * a smaii oni 
BDPacr^lS^ «« cf BDP Thus 
wtn less nsk sv^m.l ™ COS:ero, ° e * fe «°i-< 
>&r wr systemic side effects. 



Dosing F-equency 

«»^^£lSS^? ses - iess frequen1 

wnen both reaimpn* rZ 1 om 4 t,rres ctaiiy 
doses.H T i 1 e^a n L P pT ,aed fhe same ,otal dail V 

er ioca, swe efSS ?s£? T 1™ POSSib ^ few ' 
subsrde after eThLf^n PMk effecls °' sleroios 
^ nours ,n general, however, it mav 
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be preferable to use a more freauent dosing (i.e.. 4 
times daily) schedule until a steady state has been 
reached. 36 

Proper Inhalation Techniques 

Successful corticosteroid aerosol therapy de- 
pends on efficient intrapulmonary drug delivery. 
Many patients do not use the metered-dose inhaler 
(MOD skillfully, and as a result treatment may fail by 
default of the drug delivery system rather than the 
drug itself. It is therefore very important that patients 
be instructed about proper inhalation techniques.^ 
With the MDI held a short distance from the open 
mouth, the patient should start inspiration from func- 
tional residual capacity. Inspiration should be slow 
and steady. Activation of the inhaier should be after 
inspiration has begun and the patient should contin- 
ue inhaling to total lung caoacity and hoid the breath 
for a period of 1 0 seconds. The second actuation of 
aerosol medication snouid be done 2 or 3 minutes 
a fter the first dose. Patients are instructed aoout 

jrefui moutn washing with tap water after the deliv- 
er/ of inhaied medication. 

The use of a spacer fitted into the MDI has been 
'eccmmenaec ;n asmmatic children ana m oatients 
who use their conventional MDI ineffectively. Spac- 
ers have seen snown to decrease oroonaryngeai 
deposition cr innaied aerosols and to increase intra- 
puimcnary ceoosmon of aerosolized rnaienafs.-- 
The frequency of oropharyngeal complications and 
the need for antifungal therapy are greatly reauced 
with the use cf spacers. They would be particularly 
useful for selected patients whose resoonse to m- 
haiea steroid is comoromised by dose-timwng oro- 
pharyngeal complications and to those who need a 
greater antiasthmatic effect. 36 
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AEROSOL AND SYSTEMIC STEROID 



Figure 3. Stecs *n creatine chronic asthma, ^caotec 
'rem reference 23. 



of severe asthma, it is crucial that generous amounts 
of orai steroids be added to the aerosol regimen until 
the acute crisis has subsided. 



Use with Other Drugs 

Although BOP can be used concurrently with other 
antiasthmatic drugs, it should be reserved for pa- 
rents who tail to resDona to conventional astnma 
_JbraDy : Figure 3). Most oatients with miic asihma 
can 3er treated successfully with oroncnodiiator 
drugs .'beta agonists. theoDhyiiinei and cromolyn so- 
dium in severe disease or wnen asthma svmotoms 
become chronic ana iaone. corticosteroias snouid be 
used. Like cromolyn sodium. BDP has no effect cur- 
ing an acute attack of asthma, ana snouid not be 
used for this puroose. 

In general, more than 50°o of steroid-aenendent 
patients with asthma can be maintained free of oral 
steroids most of the time while taking BDP.< 6 Pa- 
tients previously unable to convert to alternate-day 
prednisone can do so during BOP therapy.-' 9 Care 
must be taken, however, when switching from sys- 
temic to aerosol steroids. Oral prednisone must be 
tapered stowiy because sudden discontinuation 
could cause uncomfortaDle systemic symptoms or 
even precipitate adrenal failure. Ouhng penods of 
stress, upper respiratory infections or exacerbations 



Side Effects 

The most widely reported side effect of 3DP s 
oroonaryngeai canciciasis iorai thrush!. !t is cose- 
reiated ana causes symptoms in about 5 C * of za- 
iients. :3 -- It is relatively tnviai f rom the cinca* co< r : 
of view ana usually resoonas to a stngse course c* 
nystatin. Patients neea to be r emmcea accut rms-no 
tneir mouths with water or mouth wasn after eazr. 
innaiation dose. Dysononia affects uo to 5C°c ct us- 
ers ana occasionally can be severe ana oersisten:. - 
Toogood and associates reported the advantages of 
using two spacers in aerosolized corticosteroia aenv- 
ery to reduce oroonaryngeai candidiasis and double 
antiasthmatic potency. 28 

Other associated symptoms such as exacerbation 
of eczema or rhinitis may occur when a patient 
whose symptoms were previously suppressed by 
oral steroids is changing from systemic steroids to 
aerosol BDP. 

Mild suppression of adrenal function can occur if 
more than 1600 m9 d of BDP is used.- 9 The drug is 
reported to be safe during pregnancy when recom- 
mended doses are used. 40 When flunisolide nasai 
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solution and BDP were used together, two inde- 

rtZ tl?° UD l fep0r,ed ,hat there wer * no signifi- 
cant additive effects on plasma Cortisol levels or on 
frequency of oral candidiasis." « Although a de- 
crease of serum IgG may occur with the use of BDP 
there is no reported increase in the occurrence of 
bacterial infections .« "«;urrence oi 

Triamcinolone Acetonide 

Triamcinolone acetonide (Azmacort. Rorer) is a 
nonpo ar water-insoluble fluonnated steroid that has 
recently become available for commercial use in the 

Un! ed M S,a ! es - " comes ,n an aerosolized form in an 
MDI attached to a barrel-shaped spacer. As pre- 
viously discussed, initial trials with water-soluble cor- 
ticosteroids. such as dexamethasone phosphate 
did not show any significant aovantaoe over orai 
steroids.' " '3 however, development of nonpoiar 
water-insoluble preparations of topical steroids 
would be expected to have distinct advantaaes over 
water-soluble ones in that they nave less potential 
for systemic aosorotion and thus have a lower nsK of 
side effects. ~ « Topical antiinflammatory potency of 

a*™ c l n ° l0ne acetonide (Figure 2i .s less than that of 
□DP. 

The .manufacturer of triamcinolone acetonide 
aeroso' \TAAi designee a sceaai soacer ceuverv 
svstem mat minimizes aeoositton of arua in the oral 
cavity ana increases efficiency of drug access 10 tne 
lungs. One puff of this aerosol ceases 200 uo of 
• 100 ^ of which are delivered from the unit to 
the airways as a fine suspension. The recommended 
aaily aose is 2 inhalations 3-4 times a day In deiiv- 
erea doses ranging from 400-2000 M g d TAA has 
proved to be effective therapy for asthma in both 
long-term and short-term studies. 4 *-" 

The efficacy and safety of TAA in steroid-deoend- 
ent asthmatic patients were studied bv Bernstein et 
al in a muiticenter. short-term controlled and lona- 
term ooen study.*- Patients treated with TAA 7n 
aoses of 800-1600 ugd. showed highly siamficant 
improvement from baseline in puimonary "function 
tests ana m asthmatic svmotoms. wnereas no sinni*i- 
cant :mc:ovement was ooserved m oatients reai«a 
with oiaceoo aerosol. Mean cnanaes ?n oiasma ccrti- 
soi levei were not statistically siamncant after * year 
Tne oniy significant side effects "recorted in this studv 
were hoarseness and sore throat. 

Three long-term studies (3-26 months) invesnoat- 
ed the effects or TAA in reducing orai steroid require- 
ments in heavily steroid-depenaent patients 
Forty percent to 70% of patients discontinued the 
use of orai steroids and were maintained soieiy on 
TAA. Several patients developed syndroms of ad- 
renal insufficiency while tapering prednisone but 
some demonstrated disappearance of cushingoid 
features as well as improvement in asthmatic symp- 
toms/" Minimal side effects of mild hoarseness and 
penodtc loss of voice in 1 patient were observed 

In four short-term studies of 4-12 weeks duration 
TAA was studied for its effectiveness in controlling 



asthma symptoms and the feasibility of elimination or 
reducing prai steroids.* * » In doses ranaina 
from ^MOO M9 d of TAA. asthma remaiS 
tier satisfactory control, pulmonary function im- 
proved significantly, oral steroids were eithe' re- 
duced or totally withdrawn and plasma Cortisol levels 
increased in three out of four studies. Oral candidia- 
sis was reported in 2 patients in one of these stud- 
ies." Treatment of asthma in children with TAA was 
also reported to be successful, with no evidence of 
adrenal suppression.** Side effects are minimal 
since there is a low frequency (2.5%) of hoarseness 
and oral candidiasis. 3 

Flunisoiide 

Flunisolide is another synthetic corticosteroid with 
potent antiinflammatory activity. The aerosolized 
orm has been studied for the treatment of asthma 
its systemic potency is equivalent to that-of triamcin- 
olone and is about 5 times greater than that of Corti- 
sol.* It is fluorinated in the 6 position and is oolar 
because of cyclized acetonide in the 1 6 and 1 7 posi- 
tions iRgure 2). Runisonde aerosol was recently ao- 
oroved by the Food and Drug Administration ana will 
be marKetea under the traae name of Aerobia ov K»v 
Pharmaceuticals. 

Pharmacokinetics 

Pharmacokinetic crcDerties of flunisoiide ha^e 
been cetermmed in heaithy volunteers. The drua is 
absorbea through pulmonary membranes, and au-- 
cal ana intestinal mucosae. = 7 Svstemic availabuitv of 
a smgie mhaied dose (1 mgj of flunisoiide was 30- 
40 o. Peak Diasma concentration was achieved in 2 
minutes and maintainea at aoproximateiv this level 
for about an hour. The elimination rate of'flunisoiica 
was simitar after administration by intravenous orai 
ana inhalation routes with the terminal eliminate 
half-life being t.82 r 0.42 hours. RaDid dearaaanc- 
or systemic flunisoiide occurred bv extensive re- 
pass metaoonsm to the 5 6-OH metaoome and ctner 
waier-soiuc;e comuaates. which are r e <ative'v in- 
active.-- 

The raoid metabolism of fiunisoiiae aooarenriy ac- 
counts tor :i S ow systemic toxiatv. The orua can oe 
aaministe-ea :n theraoeuticailv effective doses ?c: 
several months in aauits ana children without rn«r 
snowing significant systemic effect *see sectior 
below k 

The relative potencies of intravenous:oral and n- 
travenous:mhalation routes for flunisoiide are 6:1 
and 3:1 respectively, as assessed by its suppression 
of eosinopniis.= r 

Clinical Efficacy 

Clinical investigators have reported effective re- 
sults of flunisoiide aerosol for asthma in both bunded 
and open studies of adults and children.**-* In three 
seoarate aoubie-blind trials conducted in adults with 
chronic asthma, flunisoiide aerosol ranging from * 
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0.8-2 mg daily applied in 2 separate doses was com- 
pared with placeoo for 3 weeks to over 1 year. The 
investigators found statistically significant differ- 
ences in favor of flunisolide in major therapeutic re- 
sponses: improvement in spirometric function and 
daily symptom scores, reduction or elimination of 
oral steroids and reduction of nonsteroidal asthma 
medications. 62 - 64 Some patients developed oral can- 
didiasis when flunisolide was used for over a year, 
but there were no major adverse ciinical reactions or 
laboratory abnormalities. 

In another double-blind multicenter study in adults 
with steroid-dependent asthma. 40 patients received 
1 mg/d flunisolide aerosol and 33 received placebo 
for 16 weeks. 65 There was a significant difference in 
the decreases in median oral preanisone dosage 
between the study groups: 74.4% in the flunisolide 
group compared to only 4.2% in the placebo group. 
Complete withdrawal of oral steroids was achieved 
in 27.5% of f lunisolide-treated patients and in 1 2. 1 % 
of patients receiving placebo. Recuction in the fre- 
' ncy of asthmatic attacks also favored those treat- 
eo with-fiunisoiide. Although there were no statisti- 
cally significant differences in asthma seventy 
between the groups Dnor to the study, a decrease in 
seventy occurred during the stucy in botn grouos. 
but was greater in the patients receiving fiumsoude. - 
These patients were also associated witn an in- 
crease in plasma Cortisol level (-3%). but no change 
was observed in the piacebo group. The authors 
concluded that flunisolide aerosoi (1 mg di proviaed 
suoerior symptomatic control ana replaced an aver- 
age of 9 mg. d of oral prednisone without causing 
serious adverse local or systemic effects. 

Webb et at obtained similar results. 56 In a 3-month 
study, they studiea the efficacy of rlunisoiioe aerosol 
in 16 steroid-dependent and 13 steroid-indeoendent 
patients with asthma. Each patient received 2 mg of 
flunisolide daily by aerosol (four 250-^g puffs twice 
daiiy). Adrenal function was monitored with repeated 
measurements of Dlasma cortiso! 'eveis and metyra- 
p/-n e tests. The steroid-aeoenaent Datiems oemon- 
t Aec a significant aecrease use of Dreanisone 
i6i%i andaarenergic aerosoi. imoroveo cuimonary 
function and a significant increase m morning plas- 
ma Cortisol leveis |33%'». Steroia-moeoendent pa- 
tients had significant improvement in forcea exDira- 
toryvoiumein 1 second (FEV.) and a decrease in the 
use of theophylline and adrenergic aerosois. They 
had no change m morning Cortisol leveis. however. 
Side effects, which were minimal in both groups, 
included throat irritation, abdominal bloating and the 
appearance of nasal poiyps and rhinitis in some ste- 
roid-dependent patients after discontinuing systemic 
steroid therapy. 56 

Efficacy of flunisolide aerosol was also addressed 
in oediatric poDuiations. 6 - 66 - 67 Shapiro and associ- 
ates studied 32 steroid-dependent asthmatic chil- 
dren for a penod of 1 2 weeks using a double-blind, 
prerandomized method. 61 6r The drug-treated group 
received 0.5 mg of flunisolide aerosoi twice a day. All 



patients receiving flunisolide haa improved asthma 
control and a significant decrease in oral steroid dos- 
age. Only half of the placebo-treated control grouo 
had a decline in steroid requirements. Pulmonary 
function tests and adrenal function remained stable 
in both groups. Patients in both groups developed 
some pharyngeal candidiasis, but this could have 
been related to previous steroid use in some of them . 

Meltzer and others conducted another short-term, 
double-blind, placebo-controlled study lasting 8 
weeks. The 46 steroid-independent asthmatic chil- 
dren 66 received either 0.5 mg flunisolide aerosol or 
placebo twice a day. Effectiveness was evaluated by 
daily symptom scores, pulmonary function and phys- 
ical examination. Most symptom scores (seventy of 
wheezing, chest tightness, shortness of breath and 
frequency and seventy of asthma attacks) were sig- 
nificantly better in those receiving ffunisoiide than in 
those receiving placebo. Pulmonary function 
showed improvement in the fiunisoude-treated grouo 
and deterioration in the piacebo grouD. but these 
differences were not statistically significant. No seri- 
ous adverse effects were reoonea No patient devel- 
oped thrush or evidence of aarenai suppression. 

Gaie ano co-worKers evaiuatec the effects of con- 
current administration of ffunisoiide and beciometha- 
sone in patients with botn rnmitis ano asthma.-* 
Flunisolide nasal solution was aaced to either BDP 
bronchial aerosol or ftunisoude bronchial aerosoi to 
study the possible cumulative effects of topical corti- 
costeroids on adrenal function. The investigators 
also evaluated the efficacy of these combinations in 
controlling symptoms associated with rhinitis ano 
asthma for 1 month. Patient ana physician assess- 
ments revealed -no significant differences between 
the combinations in efficacy, adverse effects or ef- 
fect on adrenal function. 

The frequency of oropharyngeal candidiasis in oa- 
tients using flunisolide aerosoi and 9DP was studied 
by Spector and colleagues. 5 * Symptomatic thrush 
was slightly more common (p = 0.03) in patients 
treated with BDP {200 ug 4 times a oayj comoarea to 
those taking flunisolide *500 ug twice a day). Pa- 
tients with oretrial throat cultures that were positive 
for canaiaa organisms naa significantly greater fre- 
quency of ciinical thrush than those with negative 
cultures. Positive pretrial throat cultures provided a 
good indication of patients at higner risk of develop- 
ing thrush: they mignt benefit from, more frequent 
and prolonged mouthwasnes after using corticoste- 
roid aerosois. 

Budesonide 

Budesonide is an investigational 16a. I7a-acetal 
corticosteroid that is not halogenated (Figure 2). It 
has a high degree of topical antiinflammatory activity 
and low systemic potency. 63 After topical application, 
it was 2 times as potent as betamethasone and 3 
times as potent as flunisolide in inducing vasocon- 
striction. 69 It lacks the halogen substitution that is 
present in flunisolide. triamcinolone and beclometh- 
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asone. Since this substitution decreases the rate of 
biotransformation, budesonide is rapidly metabo- 
lized"' (Table 2). 

Pharmacokinetics 

Within seconds after the drug was administered by 
bronchial inhalation in healthy volunteers, un- 
changed budesonide was detected in blood plasma, 
indicating that the drug is absorbed intact through 
the respiratory tract. 73 This initially high plasma con- 
centration also indicated minimal metabolism of drug 
in the lung. Plasma half-life of unchanged budeson- 
ide was estimated to be 2.0 r 0.2 hours, a value 
similar to that found after intravenous injection (2.8 
= 1.1 hn. 

Human oharmacokinetic studies showed that bu- 
desonide is readily biotransformed in the liver by 
oxidative and reductive biotransformation, but not in 
the lung or skin.* 9 The systemic availability after oral 
administration was calculated to be 10.7 - 4.3%. 
Extensive first-pass metabolism occurred as the 
drug biotransformed rapidly when incubated with hu- 
man liver. * : In vitro biotransformation studies in hu- 
man iiver isolated two maior metaooiites. 6 B-hy- 
droxybuaescnide and 16 <(-hydroxyprednisolorie." 
They are virtually inactive ana were i 10 to 1 100 
weaKer man the parent compound. Plasma protein 
binding was around 88°o. Recovery siudies in nu- 
mans after inhalation on : H budesonide snowed that 
most of the radioactivity was excreted in the urine 
(32°c) and feces (1 5°oi." About 40% of the adminis- 
tered cose was deposited in the inhaler and aDout 
5% was deoosited in the orai cavity. 

Pharmacologic studies in rats showed that the ra- 
tio of topical to systemic effects of budesonide was 
10-20 times better than that of BDP and TAA" 7 
(Table 1 ). Such imorovement makes budesonide a 
promising alternative for aerosol treatment of 
asthma. 

Eliui-Micaiief et at administered 1 mg of budeson- 
ide by innaiation to 12 patients with chronic oronchial 
asthma anc studied resDonses over lime." Two 
hours after arug innaiation. a statistically Significant 
increase n ceaK exciratcry flow iPER occurrec. 
Peak sTfec; occurrea cetween 6 and 7 hours after 
bucesomce ;nnaiation ana the change »n oroncniai 
function was still significant for ud to 12 hours. 

Comparative Studies 

The clinical efficacy of aerosol budesonide in bron- 
chial asthma has been compared satisfactorily with 
that of aerosol BDP. subcutaneous teroutaiine and 
oral prednisolone. 71-75 

In open short-term, crossover trials, budesonide 
was compared to BDP in 27 steroid-dependent asth- 
matics. 7 - Both drugs were given in the same dosage 
of 200 Mg 4 times a day for 2 weeks and no signifi- 
cant differences were noted between them. The re- 
port did not mention any side effects. 

Willey et ai performed a well-designed, double- 
blind crossover trial comparing 100 jig of BDP 4 



Table 2. Plasma Half-lives of Various Corticc ste- 
roids 





Plasma 




Half-life 


Corticosteroid 


(mini 


Cortisone 


90 


Cortisol 


90 


Ftunisolide 


100 


Budesonide 


150 


Prednisolone 


. 200 


Methylpreanisolone 


200 


Triamcinolone 


200 


Dexamethasone 


300 


Betamethasone 


300 


Bectomethasone ciorooionate 


900 8 



Adaated from references 80 and 81. 
*From reference 31. 



times a day and 200 ug of budesonide 2 times a day 
in 30 cnronic asinmatics/ 4 Each treatment regimen 
was studied for 4 weeks. Assessments consisted of 
daily scores of asthma seventy and morning and 
evening PEF values. Every 2 weeks the authors 
measurea farced v-tal capacity (FVCi and FEV.. 
There we'e no significant differences m PEF vai^es 
during the stuay Denoc. Althougn FEV. values were 
siightly higher after bucesonide theraDy ip 0.05). 
FVC values snoweo no significant differences. Dur- 
ing the 8 weeKS. mere were no clinically significant 
systemic side effects or cases of oropharyngeal can- 
didiasis. Simnany. symotom scores between tne 
groups showed no significant differences. Thus bu- 
desonide 200 mo twice a day was at least as effective 
as BDP 100 Mg •* t^es a day in controlling asthma 
symptoms. 

Dahl and Jonansson performed double-blind, pia- 
cebo-controiied stuay in 21 asthmatics to investigate 
the ciinicai effects of inhaied budesonide and subcu- 
taneous terbutanne given separately or simulta- 
neously.'- Tet3utaime croduced a faster onset of 
broncnoaiiaticn rr.an ouaesoniae (1 hr vs 4 hrs; as 
indicatea by crances c: PEF. The oeaK increase m 
PEF after eitner rrug *avorea teroutaiine. The two 
drugs given simuitaneousiy aid not show potentia- 
tion or adcitive effect. 

Contrary to tne aoove study. Henriksen and Dahl 
found that when innasea terbutaiine 32.5 ug and :n- 
haiea budesonide *U)0 d were given together :o 
14 children with exerase-inducea asthma, the arug 
combination exened an additive effect on improving 
pulmonary function.'^ The authors also concluded 
that 1 -4 weeks of treatment with inhaled budesonide 
decreased the seventy of asthma in these children. 
No siae effects were reoorted. 

Several short-term tnais studied the clinical effects 
after oral prednisolone and inhaled budesonide in 
asthma patients.** " The investigators found that 
400 m9 of budesonide nad the same effect on PEF as 
did 10 mg of prednisolone, whereas 800 ^9 of buce- 
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sonide was as potent as 20 mg of prednisolone. 75 
However, the authors did not specify the statistical 
methods used to evaluate the data. Another double- 
blind trial administered 40 mg prednisolone orally, 
placebo orally and 1 mg of budesonide by inhalation. 
Oral prednisolone produced a statistically signifi- 
cantly greater effect on PEF from the eighth hour 
after drug administration onward. 71 The peak effect 
occurred between 6 and 7 hours after budesonide 
inhalation and about 9 hours after prednisolone. Oral 
prednisolone 40 mg also produced a significantly 
greater maximal response in PEF. but the response 
peaked 3 hours later than budesonide. 

Budesonide exerted a dose-dependent suppres- 
sion of blood eosinophils and plasma Cortisol lev- 
els. 28 77 This change is significant if budesonide is 
used in doses of 1600 Mg d. 77 The drug has less 
systemic effects on eosinophils and plasma Cortisol 
leveis when compared with BDP.*> 77 

Dosing Frequency 

^Several investigators studied the influence of dos- 
ing frequency on the efficacy of aerosol budesonide 
in asthmatic oatients. The results were contradic- 
tory.^ ~ * 9 Data from Toogood et ai showea that tne 
same daily dose given m different dosing scnecuies 
did not affect the drug s systemic DOtency du; it did 
affect its antiasthmatic potency." Twice-dauy dosing 
was associated with reduction in drug poiency as 
indicated by the droo in daily PEF and increase in 
severity of symotoms. " This agreea with the finaings 
of Dahl and JcnanssorT* but contrasted with those of 
StiSKa et al. ?2 who claimed that reduction of the fre- 
quency of innaied budesonide did not recuce the 
effect of the treatment. As asthma became more 
severe, however, dosing frequency became a major 
response-limiting factor, and could not be offset de- 
spite a fourfold increase in daily dosage." Less 
frequent dosing decreased the prevalence of oro- 
pharyngeal candidiasis." Overall, administration 4 
times a - day p'ovitiea the best risk-benefit relation- 
Jiip. 

Current Rationale and Recommendations for 
Corticosteroid Aerosols 

Many controlled studies have snown that cortico- 
steroid aerosols sucn as oeciomethasone a;oropion- 
ate. triamcinolone acetonide. fiunisoiide ana bude- 
soniae are highly effective in the control of asthma. 
All of these agents have high topical activity, low 
systemic activity and rapid heoatic metaooiism (Ta- 
ble 1 and 2). Side effects are minimal, the major ones 
being oral thrush and hoarseness. Used within the 
normal range, these drugs rareiy suppress adrenal 
function and are safe for both adults and children. 

Theophylline denvatives. beta-agonistic broncho- 
dilators and cromolyn sodium should all be tried be- 
fore either aerosol or systemic steroids are adminis- 
tered. 82 83 Some patients may require the use of 
bronchodilator aerosol 10-15 minutes before inhal- 



ing a steroid aerosol, thus allowing the aerosol to 
penetrate deeper into the peripheral airways. Short 
courses of systemic steroids may be necessary dur- 
ing periods of stress or reduced airway patency. Im- 
munotherapy should not be stopped during treat- 
ment with oral or inhaled steroids. 

Patients should be reminded that aerosol steroids 
are for prophylactic use only and should be used 
regularly to prevent asthma. These preparations 
should not be used during an acute attack of asthma 
because a smaller fraction of the dose will be inhaled 
due to airway obstruction. 

Finally, all patients taking steroid aerosols should 
be observed and instructed by both physicians and 
pharmacists about the proper use of the inhaler 
spacer in order to experience optima) therapy. 
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